Genetic evidence for progressive selection and overgrowth of primary tumors by metastatic cell subpopulations.
We have exploited random insertions of transfected DNA as unique clonotypic markers to follow cell lineages during primary and metastatic tumor growth of a mouse mammary adenocarcinoma, SP1. Southern analysis was undertaken of primary solid tumors and metastases obtained after injection of a pooled population of individual SP1 transfectants, or reconstituted mixtures of genetically marked metastatic and unmarked nonmetastatic cells. Here we provide evidence for the reproducible selection and eventual overgrowth of primary tumors by genotypically distinct metastatic clones, thereby illustrating that late-state, advanced primary tumors can evolve to become biologically similar, or even identical, to distant metastases. The selective growth advantage of metastatic cells within primary tumors was shown to occur despite the fact that tumors generated by both metastatic and nonmetastatic SP1 cell populations grew at comparable growth rates when injected and analyzed separately. The extent of the local growth advantage manifested by individual metastatic clones varied considerably, from 5- to 50-fold. Clonal overgrowth was also observed whether the tumor cells were injected ectopically, or orthotopically (i.e., into the mammary fat). This type of experimental approach should provide new insights into the dynamics of tumor progression and metastasis, the lineage relationship of primary tumors to metastases, the influence of clonal interactions on tumor behavior, and the physiological changes which are causative of malignant disease.